Planning adaptation strategies in response to climate change (CC) can be a daunting task, especially in regions such as the Koshi Basin in the Himalayas, where CC impacts are still uncertain. This paper recommends targeting adaptation strategies by focusing on changes in variability between the past and future climates at smaller scales. The Soil and Water Assessment Tool (SWAT) and the Indicators of Hydrologic Alteration (IHA) are used for analysis. The results show: (a) higher maximum precipitation during monsoon and post-monsoon, and lower maximum precipitation during winter; (b) increase in precipitation and flows in the Trans-mountain region during all seasons, except for flows during monsoon; (c) increase in post-monsoon precipitation and routed flow volumes; (d) decrease in precipitation during winter and routed flow volumes in all the regions, except the Trans-mountain region; and (e) increase in frequency of high peak flows and decrease in baseflows.
Introduction
The Himalayan region is considered sensitive to climate change (CC), and developing countries, such as Nepal, are more vulnerable to CC because they have limited capacity to adapt to it (IPCC 2007) . The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 2007) states that, due to increasing concentration of greenhouse gases in the atmosphere for the next two decades, a warming of about 0.2°C per decade is projected for a range of emissions scenarios. The rise in temperature will affect the hydrological cycle, which in turn will have an impact on water availability, runoff and the discharge regime of rivers. Changes in streamflows have important implications for water, flood management, irrigation, and overall water resources planning. If supplies are reduced, off-stream users of water such as irrigated agriculture and in-stream users, such as hydropower, fisheries, recreation and navigation, could be most directly affected (IPCC 2007) . In addition to variations in water volumes, other flow characteristics such as the frequency, timing and duration of both low and high flow events are also important aspects of flow that are relevant from an in-and off-stream water use perspective.
The recent IPCC report (IPCC 2013) states that there is high confidence in a projected rise in temperature and medium confidence in a summer monsoon precipitation increase in the future over South Asia (Kumar et al. 2011 , Sabade et al. 2011 . Model projections diverge on smaller regional scales (IPCC 2013) , therefore generating a lot of uncertainty associated with CC projections for the region. One of the main impediments for water resources development is spatial and temporal hydrological variability, which is projected to increase with CC in most of the world, including the Himalayan region (IPCC 2013) . A combination of increased variability and uncertainty regarding changes in the future due to CC make interpretation of CC projections and understanding the implications for water resources a very challenging task. Assessment of future changes based on means/averages will not adequately highlight variability in the dataset. As far as the authors could evaluate, none of the past publications from the Koshi Basin focused on evaluating CC impacts through comparison of past and future variability. Therefore, the main assumption in this study is that understanding the past water resources variability in the basin, and assessing whether possible future changes fall within this variability range, will be useful in identifying risks and planning future adaptation strategies. The logic is that, if the basin has already been experiencing conditions under present CC that have been predicted for the future, then certain coping mechanisms might already exist; however, if the variability is outside the past range, then the basin will become more vulnerable. In this study, we compare the spatial and temporal changes between the past (baseline) and future (projected) hydrological regime of the Koshi River Basin by comparing data ranges, spatial variation in flow volumes and alteration of flow characteristics. The Soil and Water Assessment Tool (SWAT) and the Indicators of Hydrologic Alteration (IHA) software were used for modelling and analysis of data. Results from multiple global circulation models (GCM) (described in the methodology section) were used for CC assessment.
Past studies
The Himalayan region has been generally recognized as an area where scientific information on climate and hydrology is lacking (IPCC 2007) , and this is especially relevant for the Koshi Basin, which is part of the Ganges Basin and is located in the middle Himalayas. A few studies focusing on CC impacts in the Koshi Basin also highlight this issue (Sharma et al. 2000a , 2000b , Bhutiyani et al. 2008 , Dixit et al. 2009 , Krishnamurthy et al. 2009 , NCVST 2009 , Karki et al. 2011 . Furthermore, for the whole Himalaya region, there is still a lot of uncertainty associated with CC projections because various GCMs do not agree on the direction and magnitude of CC, and hence the response of hydrological systems to these changes varies. Currently, the few existing published papers do not reach the same conclusions. Model projections in particular, diverge on smaller regional scales (IPCC 2013) .
In the Koshi Basin, a comprehensive study done by Sharma et al. (2000a) tested the sensitivity of hydrological parameters to changes in climatic conditions and found that the scenario of contemporary precipitation and a rise in temperature of 4°C resulted in a decrease in runoff of 2-8%. Furthermore, results from climatic trend analysis showed an increasing trend in temperature and precipitation but a negative trend in discharge, especially during low-flow months (Sharma et al. 2000a) . Dixit et al. (2009) and NCVST (2009) looked at the impact of CC projections and adaptation strategies, and concluded that wet seasons in the Koshi Basin are likely to be wetter and the dry seasons are apt to be drier. The extremes will accentuate differences between high-and low-flow regimes, and the likelihood of both droughts and floods will increase (Dixit et al. 2009 , NCVST 2009 ). Gosain et al. (2011) evaluated average annual water balance components, simulated for the Upper Koshi River Basin using SWAT. Climate change impacts were evaluated using the Hadley Centre Regional Model (HadRM3) and the IPCC Special Report on Emissions Scenarios (SRES), and showed increases in precipitation, snowmelt and surface runoff as well as actual and potential evaporation when compared to the baseline. However, Gosain et al. (2011) , did not assess seasonal and spatial variations at sub-basin levels. More recently, Immerzeel et al. (2013) studied the Langtang watershed in the Ganges Basin and the Baltoro watershed in the Indus Basin, and concluded that, due to a rise in net glacier melt runoff, as well as a positive change in precipitation, water availability during this century is not likely to decline. They then suggested that the conclusions could be similar for other Himalayan catchments such as the Koshi. The focus of the Immerzeel et al. (2013) study was in the upper mountain areas, so it might not be possible to generalize the findings for the downstream areas of the Himalayan basins; nor did the authors address the scale issue when assessing CC impacts. Spatial and temporal characteristics of CC in the Everest region (tentatively the Koshi Basin including parts of China and Nepal) were analysed by Qi et al. (2013) . They carried out climatic linear trend analysis and performed Sen's slope and Mann-Kendall tests, by making use of 40 years of climate data from 10 meteorological stations. Their results showed that the rising rate of annual mean temperature was 0.25°C per decade and that precipitation increased by 4.27 mm per year, but this was not statistically significant.
At smaller scales, some modelling studies have examined the hydrological regime of individual glaciers and assessed the contribution of glacier melt to total discharge in upstream sub-basins in the Ganges (e.g. Singh et al. 2008 , Aubriot et al. 2012 , Racoviteanu et al. 2013 ), but have not assessed the impacts of CC on basin-wide water resources. At a larger scale, Seidel et al. (2000) modelled the runoff regime of the Ganges and Brahmaputra basins, accounting for precipitation, remotely sensed snow covered areas and temperatures using the Snowmelt Runoff Model (SRM). They found that the already high risk of floods during the period from July to September is slightly increased with CC. Miller et al. (2012) also carried out a study on the Hindu Kush Himalaya region, and reported that glacier meltwater contribution to river flows for the Ganges and Brahmaputra basins is significantly less than for the Indus. They reported that glaciers in this region have been depleting; however, the rate of depletion is lower than that reported in the Fourth Assessment Report of the IPCC (2007). They highlighted that the impact of glacier melt is scale dependent, strongly impacting flows in headwater catchments but with decreasing effects downstream. Their projections indicate that increase in temperature will drive increased shrinkage of glaciers, leading to initial increases in meltwater, followed by subsequent declines with reduced glacier mass. They conclude that the impacts of such changes are minimal for the Ganges Basin, where increases in rainfall may lead to increased flows but with greater variability (Miller et al. 2012) . The National Communication (NATCOM) project by the Ministry of Environment and Forests, Government of India, quantified the impact of CC on water resources of all major Indian river systems (Gosain et al. 2006) . This study used the Hadley Centre Regional Climate Model 2 (HadRM2) daily weather data as input to run the SWAT hydrological model to determine the spatio-temporal water availability in the river systems and to calculate basin water balances. This study suggests that precipitation, evapotranspiration and runoff will increase by approximately 10% in the Ganges Basin. However, the NATCOM study did not consider the effect of water infrastructure development in the basin and modelled the Ganges without water abstraction and use. Furthermore, the simulations were not validated against observed flow data, making the model results uncertain. Bharati et al. (2011) assessed the impact of water infrastructure and CC in the Upper Ganges Basin (UGB) in India and reported that the dry and wet season flows under CC scenario A2 (corresponding to high population growth with slower per capita economic growth and technological change) are lower than those in present climate conditions at upstream locations, but higher at downstream locations. Flows under CC scenario B2 (corresponding to moderate population growth and economic development with less rapid and more diverse technological change) are systematically higher and lower than those under CC scenario A2 for dry and wet seasons, respectively. However, this study only assessed the projection results from the PRECIS regional climate model. The study also focused on comparing seasonal precipitation and flow means.
Study area, methods and data
Nepal is broadly divided into four physiographical regions, based on elevation and topography. The Terai region extends from 60 to 200 m a.m.s.l.; the hill region extends from 200 to 4000 m a.m.s.l.; mountains are above 4000 m a.m.s.l.; and the Trans-mountain region lies north of the Himalaya mountains, extending into Tibet. The Kosi Basin, which was considered for this study, lies upstream of Chatara, partly in eastern Nepal and partly in southern Tibet (Fig. 1 The Koshi Basin has four seasons: pre-monsoon (March-May), monsoon (June-September), postmonsoon (October-November) and winter (DecemberFebruary). Assessment of water balances in the Koshi Basin from 1976 to 2005 shows that there are large temporal and spatial variations in precipitation, actual evapotranspiration (ET) and water yield in the basin . The southern part of the basin is wetter than the trans-Himalayan northern part of the basin. Average annual precipitation is highest in the Central (1775 mm) and Eastern mountain regions (1418 mm) and lowest in the Trans-mountain region (210 mm); ET is higher than runoff in the upper subbasins and runoff is higher than ET in the lower sub--basins. Annual flow volume in the basin is about 52 731 x 10 6 m 3 , with 70.8% of total annual flow occurring during the monsoon, 13.2% in the post-monsoon, 8.1% in winter and 7.9% in the pre-monsoon season .
Soil and Water Assessment Tool (SWAT)
The SWAT model is a process-based continuous hydrological model that predicts the impact of land management practices on water, sediment and agricultural chemical yields in complex basins with varying soils, land-use and management conditions (Arnold et al. 1998 , Srinivasan et al. 1998 . The main components of the model include climate, hydrology, erosion, soil temperature, plant growth, nutrients, pesticides, land management, and channel and reservoir routing.
Conceptually, SWAT divides a basin into subbasins. Each sub-basin is connected through a stream channel and further divided into Hydrologic Response Units (HRU). An HRU is a unique combination of a soil and a vegetation type in a subwatershed, and SWAT simulates hydrology, vegetation growth and management practices at the HRU level. Since the model maintains a continuous water balance, the subdivision of the basin enables the model to reflect differences in evapotranspiration for various crops and soils. Thus, runoff is predicted separately for each sub-basin and routed to obtain the total runoff for the basin. This increases the accuracy and gives a much better physical description of the water balance. More detailed descriptions of the model can be found in Arnold et al. (1998) and Srinivasan et al. (1998) .
Downscaled climate data
In this study, the MarkSim weather generator (Jones et al. 2002) was used to downscale climate data from global circulation models (GCMs) (gismap.ciat.cgiar.org/ MarkSimGCM). The GCMs used to generate daily climate data are CNRM-CM3, CSIRO-Mk3.5, ECHam5 and MIROC3.2, and the projected data are an average of these four models. Baseline projections are for the period 1971-2000. Future scenarios considered for this study are the A2 and B1 emissions scenarios and the periods of future simulations are from the near to mid-range future -2030s (average from 2016 to 2045) and 2050s (average from 2036 to 2065)-the time horizons for which water management decisions have to be made. The A2 scenarios were chosen because they represent regionally oriented economic development with increases in temperature ranging from 2.0°C to 5.4°C and the B1 scenarios represent global environmental sustainability. The B1 scenarios are for a more integrated, and more ecologically friendly world, and the temperature increases are 1.1-2.9°C (IPCC 2007). At the basin outlet, the correlation coefficient (R 2 ) for the monthly simulations is 0.96 for calibration and 0.91 for the validation period. The monthly NashSutcliffe model efficiency coefficient (NSE) for the basin outlet was 0.80 and 0.91 for the model calibration and validation periods, respectively. Figure 2 presents daily observed and simulated flows at the Chatara-Kothu station at the basin outlet. The R 2 for daily simulations at the basin outlet is 0.86 and 0.81 for the calibration and validation periods, respectively. Similarly the NSE for daily simulations at the basin outlet was 0.62 and 0.81 for the calibration and validation periods, respectively. Following satisfactory model calibration and validation, the SWAT model was run with climate data from the MarkSim weather generator for the baseline, 2030s and 2050s to simulate water balances and runoff from the basin. The impact of CC was calculated by comparing the baseline with the projected data from the 2030s and 2050s. Although the model calibration and validation statistics are acceptable, a longer time series of available observed data for both the calibration and validation periods would have improved the model's ability to better simulate inter-annual variability and thus also improve the performance indicators.
Evaluating hydrological changes due to CC
Analysis of the flow regime under past and future CC conditions was also conducted by using the IHA software (http://conserveonline.org/workspaces/iha). The range of variability approach (RVA; Richter et al. 1997) , which underpins IHA, describes changes in river flow regime in terms of 33 flow parameters, reflecting magnitude, timing, frequency and rate of flow. Table 2 lists and summarizes the IHA parameters that were selected for use in this study. A full range of pre-impact data for each parameter is divided into three different categories. The nonparametric RVA analysis was used, which places the category boundaries 17 percentiles from the median. This yields an automatic delineation of three categories of equal size:
the lowest category contains all values less than or equal to the 33rd percentile; the middle category contains all values falling in the range of the 34th to 67th percentiles; and the highest category contains all values greater than the 67th percentile. The program then computes the expected frequency with which the 'post-impact' or CC values of the IHA parameters should fall within each category (in the nonparametric default, this would be 33% for each of the three categories). The program then computes the frequency with which the 'post-impact' annual values of IHA parameters actually fell within each of the three categories. This expected frequency is equal to the number of values in the category during the preimpact period multiplied by the ratio of post-impact years to pre-impact years. Finally, a hydrologic alteration factor is calculated for each of the three categories as Observed frequency À Expected frequency Expected frequency
A positive hydrologic alteration value means that the frequency of values in the category has increased from the pre-impact to the post-impact period (with a maximum value of infinity), while a negative value means that the frequency of values has decreased (with a minimum value of -1).
Results and discussion
4.1 Maximum, minimum and mean precipitation in the agro-ecological regions of the Koshi Basin Figure 3 presents minimum, maximum and mean precipitation in the different agro-ecological regions of the Koshi Basin for observed, baseline, A2 and B1 projections for the 2030s and 2050s. The figure helps identify the seasons and agro-ecological regions where projected future precipitation is outside the boundaries of the past precipitation data ranges. Disaggregation of data according to both regions and seasons is important because water use and planning are dependent on both the seasons and regions. Furthermore, as more than 80% of water resources in the region are used in agriculture, regional and seasonal analysis will help identify the most vulnerable crop types according to the cropping calendar of the region. It can be seen from Fig. 3 that, in the Transmountain region, the ranges of precipitation for the A2 and B1 scenarios are within the past observed (0- 20 mm) as well as baseline (0-49 mm) data range during winter. Therefore, although future CC projections show lower precipitation means, this decrease is within the range that the basin has been experiencing in the past. During the pre-monsoon season, all the range of projected precipitation data except the B1 scenarios for the 2030s (-31.5%) and A2 for the 2050s (-2.7%), which have negative changes, have higher maximum precipitation values (A2-2030s: +9.6%; B1-2050s: +35.6%); hence, future precipitation can be higher than the basin experienced in the past. For the monsoon season, as the precipitation range is bigger for the future projected data (22-777 mm) than the baseline (16-610 mm), the basin could experience precipitation that is both higher and lower intensity than in the past. Finally, for the post-monsoon season, the range for the projected data includes higher precipitation values (A2-2030s: 0-152 mm; B1-2030s: 0-252 mm; A2-2050s: 0-190 mm; B1-2050s: 0-189 mm) than the past data series (baseline: 0-55 mm). Therefore, in the Trans-mountain region, the future projected precipitation is outside the past range during the pre-monsoon, monsoon and post-monsoon seasons. In the Central mountain region during winter, the data range for A2-2030s is 0-235 mm; B1-2030s is 0-243 mm; A2-2050s is 0-226 mm and B1-2050s is 0-203 mm. During the pre-monsoon, the data range for A2-2030s is 6-654 mm; B1-2030s is 3-727 mm; A2-2050s is 0-652 mm and B1-2050s is 0-693 mm. Similarly, during the monsoon season, the data range for A2-2030s is 6-2473 mm; B1-2030s is 7-2495 mm; A2-2050s is 6-745 mm; B1-2050s is 10-2820 mm. Finally, during the post-monsoon, the data range for A2-2030s is 0-602 mm; B1-2030s is 0-765 mm; A2-2050s is 0-777 mm; B1-2050s is 0-852 mm. Therefore, the results (Fig. 3(b) ) show that the range of the future projected data is mostly within the past data range (baseline -winter: 0-435 mm; pre-monsoon: 0-867 mm; monsoon: 5-2308 mm; post-monsoon: 0-471 mm). The Central mountain region is not expected to experience precipitation that is outside the past range.
In the Eastern mountain region (Fig. 3(c) ), the projected data series for A2-2030s are: winter, 0-1280 mm; pre-monsoon, 7-1817 mm; monsoon is, 6-3370 mm; and post-monsoon, 0-987 mm. Similarly, for the 2050s, the data ranges are: for winter, 0-1187 mm; pre-monsoon, 4-1630 mm; monsoon, 0-3; 177 mm; and post-monsoon, 0-1164 mm. For the B1 scenario in the 2030s, the data ranges are: winter, -1154 mm; pre-monsoon, 10-1578 mm; monsoon, 0-3246 mm; and post-monsoon, 0-1126 mm. Finally, for the 2050s, the data ranges are: winter, 0-1422 mm; pre-monsoon, 8-1558 mm' monsoon, 10-3018 mm; and post-monsoon, 0-1327 mm. Compared with the baseline precipitation range (0-1029 mm for winter, 3-1708 mm for the pre-monsoon, 0-3189 mm for monsoon and 0-910 mm for the postmonsoon), the series contains precipitation data that are outside the baseline range during all seasons.
In the Central hill region (Fig. 3(d) ), both winter and pre-monsoon periods contain projected data that are within the past range, except for the B1 projections. The data series range for the baseline period is 0-331 mm for winter and 17-612 mm for the premonsoon season. The projected data ranges for the winter and pre-monsoon, respectively, are: for A2-2030s Finally, in the Eastern hill region (Fig. 3(e) ), comparing the future projected data to the baseline gives varying results for winter, pre-monsoon and monsoon seasons. However, for the post-monsoon season, all future projected data have clearly higher maximum values (baseline: 0-451 mm; A2-2030s: 1-652 mm; B1-2030s: 1-644 mm; A2-2050s: 5-658 mm; B1-2050s: 11-702 mm). Figure 4 presents minimum, maximum and mean water yield (i.e. discharge volume that is generated within the sub-basin) in the different agro-ecological regions of the Koshi Basin for observed, baseline, A2 and B1 projections for the 2030s and 2050s. Figure 4 also helps identify the seasons and agro-ecological regions where the water yield data under projected CC are outside the boundaries of the past data ranges. The changes in water yield do not always correspond to the changes in precipitation because water yield in addition to rainfall volumes is also determined by rainfall intensity, soil properties and land cover. For example, rainfall events with high rainfall intensities in bare and compacted soils will produce higher runoff than rainfall events that have longer durations in deep soils and cropped areas. In the Trans-mountain region (Fig. 4(a) ), for winter, the range of projected net water yields (A2-2030s: 0; A2-2050s: 0-2 mm; B1-2030s: 0; B1-2050s: 0-10 mm) is almost within the past baseline data range (0-13 mm); however, the B1-2050s scenarios shows higher maximum values. For the pre-monsoon season, the maximum values for 15 mm) . Therefore, the postmonsoon season is most critical with regard to changes that are outside the past ranges. In the Central mountain region (Fig. 4(b) ), the projected future ranges for winter, pre-monsoon, monsoon and post-monsoon seasons, respectively, for both, the A2 ( The majority of precipitation in the basin occurs during the monsoon; therefore, increases in maximum precipitation events during the monsoon might have catastrophic impacts due to floods and landslides but not so much impact during the other seasons. The results show that during the monsoon the maximum precipitation as well as maximum water yields will increase in all the regions except in the Eastern mountain region. Therefore, risks due to extreme high precipitation and flow events such as floods and landslides during the monsoon will increase with CC. When looking at minimum values, it can be seen that the precipitation and water yields are within the baseline data range, indicating that the basin has already been experiencing such conditions, so risks and vulnerabilities are lower because coping mechanisms might already exist.
Seasonal water yield in the Koshi Basin
In general, the winter and post-monsoon seasons are also affected by CC. Except in the Eastern mountain region, the winter season has lower maximum precipitation and water yields than the baseline and higher maximum precipitation and water yields during the post-monsoon seasons. Agriculture is currently the largest water user in the Koshi Basin and most of the agriculture is dependent on rain or surface water irrigation from stream and river diversions. There is very limited storage infrastructure in the form of dams or reservoirs. Therefore, seasonal changes in precipitation will have an impact on the seasonal cropping patterns. Although a detailed crop sensitivity analysis is required to make stronger statements on the impact of CC on agriculture, the results of this study shows that decreases in precipitation in the winter would impact the winter crops such as wheat, legumes and oilseeds in the hill regions and wheat and barley in the mountain regions. In the higher elevation areas, lowerhave an precipitation will also have an impact on snow accumulation and snow melt, leading to decreased streamflows during the spring. Higher maximum rainfall events during the post-monsoon season could negatively influence the rice harvests in the hill regions. Rice is generally planted during the monsoon and harvested in November. High intensity rainfall events during November can cause the ripe rice seeds to fall to the ground, reducing crop yields.
Spatial variation of changes under CC
In the previous sections, we compared precipitation and flows from the various regions within the basin. However, the figures in this section show spatial variation in the results based on sub-basins within the various agro-ecological regions in the basin. Figure 5 shows percentage change in precipitation for the winter, pre-monsoon, monsoon and post-monsoon seasons under the A2 climate projections for the 2030s. The percentage changes were calculated by subtracting the baseline mean precipitation per sub-basin from the projected future time series. In many cases, there are varying results from different sub-basins falling within a certain region, making it difficult to come to a single conclusion regarding that region in a particular season. Therefore, the results are expressed quantitatively for clear trends, but in a qualitative manner for mixed trends. It can be seen from Fig. 5 that, for the pre-monsoon and monsoon seasons, the upper catchments in the Trans-mountain region show increasing precipitation (pre-monsoon: +10% to +51%; monsoon: +2% to +46%). The Eastern mountain and hill regions also have a few sub-basins in which precipitation increases; however, in the rest of the basin, precipitation is projected to decrease in the future. During the post-monsoon season, most of the Trans-mountain, Central mountain and Central hill regions will experience an increase in precipitation and, in most of the Eastern mountain region, precipitation is likely to decrease. Similarly, during the winter, some parts of the Trans-mountain, Central and Eastern mountain regions will experience increasing precipitation; however, the rest of the basin shows a decrease in precipitation (-79% to -9%) with CC. Figure 6 shows percentage change in routed flow volume during the pre-monsoon, monsoon and postmonsoon seasons under the A2 climate projections for the 2030s. It is clear from Fig. 6 that, during the pre-monsoon, the Trans-mountain region shows increases in flow volume; however, the rest of the basin, except for a few sub-basins in the Eastern and Central mountain regions, shows a decrease in flows. During the monsoon, most of the Trans-mountain region (0 to +31%) and some parts of the Eastern hill and mountain regions show increasing flow. However, in the Central hills and mountains, the majority of the sub-basins show decreasing flows due to CC. In the post-monsoon, most parts of the basin show increasing flows. Finally, during winter, most parts of the Trans-mountain region shows increases, while the rest of the basin shows a decrease in flows. Figure 7 shows percentage change in precipitation during the winter, pre-monsoon, monsoon and postmonsoon seasons under the B1 climate projections for the 2030s. As can be seen from Fig. 7 , in the premonsoon season, the eastern part of the Trans-mountain zone and just a few other sub-basins in the basin show increases in precipitation due to CC, while the rest of the basin shows decreases in precipitation. During the monsoon, all of the Trans-mountain zone, some parts of the Eastern mountain and Central hill regions show increases; however, the rest of the basin shows a decrease in precipitation. During the postmonsoon, the whole basin shows increases in precipitation (+2% to +193%) under CC. Finally, in winter, there will be a decrease in precipitation in the whole basin (-98% to -5%) except in two sub-basins (+2% and +17%). Figure 8 shows the percentage change in flow volume during the winter, pre-monsoon, monsoon and post-monsoon seasons under the B1 climate projections for the 2030s. It can be seen from Fig. 8 that during the pre-monsoon the Trans-mountain region shows increases in flows; however, the rest of the regions show decreases in flows (-41% to -3%). In the monsoon, the eastern part of the Trans-mountain, Eastern mountain and Eastern hill regions, as well as most of the Central hill and mountain regions will experience an increase in flows. During the post-monsoon, the whole basin except for a very few sub-basins will experience increases in flows, whereas in winter, except for the Trans mountain region, the rest of the basin will experience decreases in flow volumes. 
Changes in flow characteristics
The flow regime is recognized as a key factor in determining biological and physical processes and characteristics in rivers. Any changes in the flow regime will have an impact on not just the quantity of water delivered through a system but also water quality, as well as riverine ecosystems. As explained in the methodology section (Section 3.4) the range of variability approach (RVA) described in Richter et al. (1997) was used to analyse the changes in flow characteristics. Figure 9 shows the IHA parameters under the high RVA category (i.e. values greater than the 67th percentile). From the results for baseline vs A2 (Fig. 9) , it can be seen that the frequency of 1-day flows will decrease and the frequency of 1-and 30-day maximum flows will increase. The frequency of baseflow index will decrease but the duration of low pulse events will increase. Finally, the rise and fall rates of floods will also be altered with the rise rate decreasing and the fall rate increasing. Assessment of hydrologic alteration values when comparing the baseline with the B1 scenarios (Fig. 9) indicates that the frequency of 1-day minimum flows will decrease and the frequency of 30-day maximum flows will increase. The frequency of baseflow index will decrease and the duration of low pulse events will increase. Similar to the A2 projections, the rise rate of floods will increase and the fall rate decrease. Furthermore, under the B1 scenario, the frequency of the date of maximum flow will increase.
In general, when assessing the hydrological characteristics, there will be changes in both high and low flows. Furthermore, decreases in the flood rise rates and increases in the fall rate, as well as decreases in the baseflow index indicate that the baseflow portion of total runoff will decrease. As river systems are often augmented by their baseflows during lean periods, this change in the baseflow will influence water availability during low-flow periods, i.e. after a storm event or during the dry season. Decrease in the baseflow component of flow will have an impact on run-of-the-river hydropower schemes, diversions for irrigation during the dry seasons, as well as other in-stream water uses. Increases in 30-day maximum flows indicate that flooding will also become a problem in the future.
Summary and conclusions
In this study, changes in variability between the past (baseline) and future (projected) hydrological regime of the Koshi River Basin were assessed by comparing the data ranges, spatial variation in flow volumes and alteration of flow characteristics in various seasons. The identified CC impacts for the Koshi Basin can be summarized as by the follows:
• Higher maximum precipitation values during the monsoon (622-3370 mm) and post-monsoon (152-1327 mm) seasons under both A2 and B1 scenarios.
• Lower maximum precipitation values during winter (0-1422 mm) (under both A2 and B1 scenarios).
• Increase in precipitation (+2% to +214%) and flows in the Trans-mountain region during all the seasons, except for flows during the monsoon under the B1 scenario (-13% to -5%).
• Increase in post-monsoon precipitation and routed flow volumes in 61 out of 79 sub-basins (under both A2 and B1 scenarios).
• Decrease in winter precipitation and routed flow volumes in 60 out of 79 sub-basins in the Koshi (under both A2 and B1 scenarios) except in the Trans-mountain region.
• Increase in the frequency of high-flow peaks.
• Decrease in the baseflow portion of the total runoff. Identifying where future variability may differ from that of the past will be critical in targeting adaptation strategies. Such analysis is especially useful in conditions where CC projections are still very uncertain. The current CC adaptation programmes in Nepal cover a wide range of risks. There is a general understanding that, by applying a broad spectrum approach, the interventions will have better chances for decreasing vulnerability to CC. Such an approach is, however, very resource intensive and, by the time it comes to implementation, the actual problem of CC might have gradually diminished and been replaced by other development-related issues. This paper highlights the areas in the basin where the efforts of adaptation programmes can be focused. This is particularly useful when financial resources are limited and it is necessary to aim for the most relevant and effective CC adaptation strategies. Although the Koshi Basin was the focus of this study, the methodology can be replicated in other river basins.
